
SPECIFICATION 
TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Shigeyuki Maruyama, a citizen 
of Japan residing at Kawasaki-shi , Kanagawa, Japan, Yasuyuki 
Itoh, a citizen of Japan residing at Kawasaki-shi , Kanagawa, 
Japan, Tetsurou Honda, a citizen of Japan residing at 
Kawasaki-shi, Kanagawa, Japan, Kazuhiro Tashiro, a citizen 
of Japan residing at Kawasaki-shi, Kanagawa, Japan, Makoto 
Haseyama, a citizen of Japan residing at Kawasaki-shi, 
Kanagawa, Japan, Kenichi Nagashige, a citizen of Japan 
residing at Kawasaki-shi, Kanagawa, Japan, Yoshiyuki Yoneda, 
a citizen of Japan residing at Kawasaki-shi, Kanagawa, Japan 
and Hirohisa Matsuki, a citizen of Japan residing at 
Kawasaki-shi, Kanagawa, Japan have invented certain new and 
useful improvements in 

SEMICONDUCTOR DEVICE HAVING AN ALIGNMENT MARK 
FORMED BY THE SAME MATERIAL WITH A METAL POST 

of which the following is a specification : - 



TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE HAVING AN ALIGNMENT 
MARK FORMED BY THE SAME MATERIAL WITH A METAL POST 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to 
semiconductor devices and, more particularly, to a 
semiconductor device which is encapsulated together 
with other semiconductor devices before being 
divided into individual semiconductor devices and is 
tested by being positioned in a test apparatus by 
image recognition . 

2. Description of the Related Art 

A semiconductor device formed by packaging 
a semiconductor chip is subjected to a semiconductor 
test for checking its operation at the end of its 
manufacturing process. When such a semiconductor 
device is loaded on a semiconductor test apparatus 
in the test process, the semiconductor device is 
positioned in the semiconductor test apparatus by 
referring to an outer configuration of the 
semiconductor device. Such a positioning operation 
is performed by a handling device. That is, the 
semiconductor device subjected to the test is 
positioned by referring to the outer configuration 
of the package when mounting the semiconductor 
device to a socket of the test apparatus. 

In recent years, miniaturization of 
semiconductor chips has greatly advanced, and, 
therefore, the package size of the semiconductor 
devices has also been reduced. Accordingly, when 
the handling device is used for positioning the 
semiconductor device by referring to an outer 
configuration, the handling device must be altered 
every time the package size is changed. 

Additionally, semiconductor chips having a 
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package size the same as the size of the 
semiconductor chip have been increased. Thus, an 
altering Jig must be prepared for each kind of 
semiconductor chip. Additionally, even when the 
5 same kind of semiconductor chip is used, the 

handling device must be altered each time the size 
of the semiconductor chip is reduced. Accordingly, 
a cost of the alteration of the handling device is 
markedly increased . 
10 Additionally, in association with 

miniaturization of the semiconductor chips, the 
pitch of the electrodes of a semiconductor device 
has been reduced. Accordingly, in the method in 
which the positioning is performed by referring to 
fH 15 an outer configuration of the semiconductor device, 

a desired accuracy of positioning may not be 
•^Q achieved. 

W Under the above-mentioned circumstances, 

it has been suggested to test a plurality of 
Q 20 semiconductor devices in a state in which the 

semiconductor chips are packaged in an integrally 
connected state. That is, a plurality of 
□ semiconductor devices formed on a wafer are cut out 

in an integral form, and are packaged simultaneously 
25 so as to form a plurality of semiconductor devices 
at the same time. In this case, an outer 
configuration of the semiconductor device can be 
standardized in a certain degree. 

Additionally, it has been suggested to 
30 position the terminals of the semiconductor device 
relative to the socket (or probe) of the test 
apparatus by a method using image recognition 
instead of the method using an outer configuration 
of the semiconductor device as a reference. However, 
35 the method using image recognition is not suitable 
for a case in which a large number of semiconductor 
devices are tested in a single test process. In a 
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case of testing semiconductor memory devices, 32 to 
64 pieces of semiconductor devices are tested in a 
single test process. Considering a test cost, it is 
not practical to position each of such a large 
5 number of semiconductor devices on an individual 
device basis by using the method using image 
recognition. That is, the test apparatus must be 
provided with 32 to 64 image recognition devices and 
position correcting mechanisms that can deal with 
10 the respective image recognition devices, thereby 
increasing the size and complexity of the test 
apparatus . 

In this case, the number of image 
recognition devices and the position correcting 
W 15 mechanisms provided in the handling device can be 

reduced by forming a plurality of memory chips in an 
ifl accurately connected state and testing the plurality 

l^, of memory chips while positioning the memory chips 

]^ by using the image recognition instead of testing 

O 20 after being divided into individual memory chips. 

J:! As an example of the above-mentioned 

method, it is suggested to test the semiconductor 
□ chips formed on a wafer before being cut out into 

individual memory devices. That is, a plurality of 
25 semiconductor devices that are encapsulated in a 

wafer state, that is, a plurality of semiconductor 
devices packaged in a wafer level are subjected to a 
test before being divided into individual 
semiconductor devices. Alternatively, a plurality 
30 of semiconductor devices are cut out in integral 

form, and are subjected to a test. In such a case, 
a wafer prober (image recognition apparatus) 
corresponding to the integrated form of the 
plurality of semiconductor devices must be prepared 
35 and attached to the handling device. Alternatively, 
a position recognition device may be provided to the 
handling device instead of the wafer prober. 
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However, considering a cost spent on the 
handling device, it may be an optimum method to test 
the wafer-level packaged semiconductor devices in 
the wafer state. 
5 In a so-called bear wafer test in which 

semiconductor chips are tested in a wafer state, a 
wafer prober is used. When the wafer- level packaged 
semiconductor chips are recognized by a conventional 
wafer prober, there are problems A) through D) as 
10 described below. In the following description, the 
problems are related to a case in which chip size 
package (CSP) semiconductor devices are used as the 
p wafer-level packaged semiconductor devices. 

»fl A) It is difficult to recognize the 

III position of each CSP by the recognizing device of 

i 
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the prober. 

A-1) It is difficult to directly 
recognize the terminals of a semiconductor device. 
3: a) Each of the terminals provided in the 

20 CSP is larger than an electrode pad formed on the 
jij semiconductor chip. Accordingly, the terminal of 

IJ1 the CSP cannot be covered by the recognition area or 

range of a regular prober, and, thereby, it is 
difficult to recognize the terminal of the CSP. 
25 b) It is difficult to recognize a 

terminal having a spherical shape such as a solder 
ball which is a typical terminal provided to the CSP, 
That is, since such a spherical terminal lacks a 
flat part, it is difficult to bring the terminal 
30 into focus. 

c) Since the height of the terminals vary 
in a large range (about 50 jxm) , the terminals are 
not appropriate for a reference of alignment . 

A-2) There is no mark for recognition 
35 other than a terminal. 

There is no mark on the surface of the CSP, 
which mark is positioned at a known distance from a 
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terminal . 

A-3) There Is a limitation with respect 
to a cost to provide a mark and an accuracy of 
positioning of the mark when the mark is provided on 
5 the surface of the CSP for recognition of position. 

As a means for providing a position 
recognition mark on the surface of the CSP, there is 
a method to provide a mark by a stamp. However, it 
is difficult to provide the mark at a predetermined 
10 position relative to electrodes provided on the 
surface of the CSP with a high accuracy. 
Additionally, since the stamp process is added, a 
^:r=, manufacturing cost is increased. 

\B A- 4) A cost is increased when the 

l'^] 15 recognition area or range of the prober is enlarged 

so as to recognize a large terminal. 
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A description will be given of a method 
for recognizing a mark by a conventional wafer 
3= prober , 

y 20 The maximum recognition area or range of 

an alignment mark recognition apparatus provided to 
lH a conventional prober is in the rage of 200 ^m to 

300 [xm. Generally, the recognition area is defined 
as a square having a side of about 200 |xm. If the 
25 size of the mark to be recognized is less than 1/2 

of the recognition area or range, a high recognition 
rate can be achieved. That is, if the size of the 
mark is less that 1/2 of the recognition area or 
range, the entire mark is within the recognition 
30 area or range even when an edge of the mark is at 

the center of the recognition area or range. Thus, 
a high recognition rate can be achieved. 

The conventional wafer prober is 
configured to recognize an electrode pad provided on 
35 a semiconductor chip. The electrode pad generally 
has a square shape having a side of about 100 |Lim. 
Accordingly, the recognition area or range of the 
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recognition apparatus of the conventional prober has 
a square shape having a side of about 200 jxm. 

As a method for recognizing the electrode 
pad, a pattern matching method is used. Generally, 
5 the recognition area or range of 200 ^m-square is 
divided into 16 square areas each having a side of 
50 Jim so that a comparison is performed with a 
reference pattern on an individual divided-area 
basis . 

10 If the shape of the mark does not vary, an 

arbitrary shape including a circle can be used. 
However, if the shape of the mark varies, for 
example, if there is a broken part in the outer 
ifl configuration of the mark, a circle mark tends to be 

'J\ 15 erroneously recognized as a different shape. That 

\l is, since a circular shape provides a uniform change 

]S in the entire outer configuration, it is difficult 

JfJ to find a feature thereof. Accordingly, if there is 

3: an imperfect part, the circular shape may be 

^5 20 recognized as a different shape. On the other hand, 

m a shape including a straight part can be easily 

1J1 recognized even if there is a partially broken part 

y since the straight part can be easily recognized as 

" a whole. Thus, a recognition rate of a shape having 

25 a straight part is high. Additionally, a shape 
having an edge (corner) can be easily recognized 
since the edge serves as an inflection point. 

B) A probe provided in a probe card of 
the CSP cannot be recognized by a conventional 
30 prober. (The probe card is a card- like member 

provided with proves which are positioned to contact 
electrode terminals of the CSP to be tested. The 
probe card is changed for each CSP to be tested. ) 

The reason is the same as the reason 
35 mentioned in the above item A). That is, the end of 
the probe provided in the probe card for the CSP is 
larger than the recognition area or range of the 



-7- 



probe recognition apparatus provided in the prober. 
The diameter of the end of the probe provided in the 
conventional probe card is normally less than 100 \im. 
On the other hand, the diameter of the terminal 
5 (solder ball) of the CSP is about 400 \im, which 

cannot be entirely covered by the recognition area 
or range of the probe recognition apparatus. 

C) The wafer on which the CSPs are formed 
is more difficult to be fixed by suction than a 
10 wafer on which the conventional semiconductor chips 
are formed. 

In a case of a plastic mold CSP, the 
thermal expansion rate of the seal resin is higher 
than that of the wafer (silicon (Si)). Accordingly, 
15 when the wafer returns to a room temperature after 
.J being molded at a high temperature, the wafer may 

\n deform or warp in a convex shape projecting on the 

5 . I 

!?; wafer side since the amount of compression of the 

3: seal resin is greater than that of the wafer. The 

Q 20 deformation becomes particularly large when the 

|n 

f^l thickness of the wafer is small, thereby preventing 

IJ] the wafer from being fixed onto a vacuum chuck table. 

p D) When there is a burr on the seal resin 

D 

in the wafer state, the burr may fall off during 
2 5 handing by the handling device. The burrs may 
accumulate within the handling device. 

SUMMARY OF THE INVENTION 

It is a general object of the present 
30 invention to provide an improved and useful 

semiconductor device in which the above-mentioned 
problems are eliminated. 

A more specific object of the present 
invention is to provide a semiconductor device 
35 having an alignment mark which can be recognized by 
a conventional wafer prober. 

Another object of the present invention is 
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to provide a method for providing a reference mark 
used for position recognition, which is suitable for 
testing semiconductor devices in a wafer state. 

In order to achieve the above-mentioned 
5 objects, there is provided according to one aspect 
of the present invention a semiconductor device 
comprising: a semiconductor element having a 
plurality of electrodes; a redistribution layer 
which connects the electrodes of the semiconductor 
10 device to electrode pads located in predetermined 
positions of the redistribution layer; a plurality 
of metal posts formed on the electrode pads of the 
Q redistribution layer, the metal posts being 

kQ configured to be provided with external connection 

li: 15 electrodes; at least one mark member which serves as 

\l an alignment mark located in a predetermined 

Jfl positional relationship with the metal posts, 

wherein the mark member is made of the same material 
ii\ as the metal posts. 

^™ 20 According to the above-mentioned invention, 

y I 

lU since the mark member is located in a predetermined 

positional relationship with the metal posts on 
2 which the external connection terminals such as 

protruding electrodes are provided, the alignment 

2 5 mark and the protruding electrodes are arranged in 
the predetermined positional relationship. 
Accordingly, positions of the protruding electrodes 
can be determined by recognizing the position of the 
alignment mark by image recognition. The mark 

30 member serving as the alignment mark is formed of 

the same material as the metal posts. That is, the 
mark member is formed in the process of forming the 
metal posts by the same method as the metal posts. 
Accordingly, there is no need to provide an 

35 exclusive process for forming the mark member, 
thereby simplifying the manufacturing process. 
Additionally, since the mark member and the metal 
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posts are formed In the same process, the mark 
member can be located with a highly accurate 
positional relationship with the metal posts. 

Since the mark member can be formed in a 
5 shape different from the shape of the metal posts, 
any shape can be selected for the mark member so 
that the alignment mark has a shape that can be 
easily recognized by image recognition. 
Additionally, the shape of the mark member can be 
10 selected from any shapes so that the mark member 

does not restrict a flow of a seal resin. Further, 
the mark member can be used as an electrode in a 
semiconductor test process since the mark member is 
^0 formed of the same material with the metal posts, 

15 which is an electrically conductive material. 
*y Thereby, the mark member not only serves as an 

!^ alignment mark but also provides other functions in 

3^ the semiconductor test process. 

Additionally, there is provided according 
:d 20 to another aspect of the present invention a 

m 

fy semiconductor device comprising: a semiconductor 

111 element having a plurality of electrodes; a 

5 redistribution layer which connects the electrodes 

of the semiconductor device to electrode pads 
25 located in predetermined positions of the 

redistribution layer; and at least one mark member 
which serves as an alignment mark located in a 
predetermined positional relationship with the 
electrode pads, wherein the mark member is made of 
30 the same material with the electrode pads. 

According to the above-mentioned invention, 
since the mark member is located in a predetermined 
positional relationship with the electrode pads on 
which the external connection terminals such as 
35 protruding electrodes are provided, the alignment 
mark and the protruding electrodes are arranged in 
the predetermined positional relationship. 
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Accordingly , positions of the protruding electrodes 
can be determined by recognizing the position of the 
alignment mark by image recognition. The mark 
member serving as the alignment mark is formed of 
the same material as the electrode pads. That is, 
the mark member is formed in the process of forming 
the electrode pads by the same method as the 
electrode pads. Accordingly, there is no need to 
provide an exclusive process for forming the mark 
member, thereby simplifying the manufacturing 
process. Additionally, since the mark member and 
the electrode pads are formed in the same process, 
the mark member can be located with a highly 
accurate positional relationship with the electrode 
pads . 

Since the mark member can be formed in a 
shape different from the shape of the electrode pads 
any shape can be selected for the mark member so 
that the alignment mark has a shape that can be 
easily recognized by image recognition. 
Additionally, the mark member can be used as an 
electrode in a semiconductor test process since the 
mark member is formed of the same material with the 
electrode pads, which is an electrically conductive 
material. Thereby, the mark member not only serves 
as an alignment mark but also provides other 
functions in the semiconductor test process. 

Additionally, there is provided according 
to another aspect of the present invention a method 
of testing a semiconductor device, comprising the 
steps of : forming a redistribution layer on the 
semiconductor device in a wafer state; forming metal 
posts on the redistribution layer; forming a mark 
member in a predetermined position on the 
redistribution layer with respect to the metal posts 
the mark member serving as an alignment mark; and 
performing a semiconductor test while determining 



positions of electrodes of the semiconductor device 
by recognizing the alignment mark. 

According to the above-mentioned invention, 
the mark member serving as the alignment mark is 
formed in the process of forming the semiconductor 
process in a wafer state. Thus, a plurality of 
semiconductor devices can be simultaneously tested 
in a wafer state, thereby simplifying the process 
for attaching the semiconductor devices to a test 
apparatus . 

Additionally, there is provided according 
to another aspect of the present invention a method 
of testing a semiconductor device, comprising the 
steps of: forming a redistribution layer on the 
semiconductor device in a wafer state; and 
encapsulating the wafer by a seal resin while 
maintaining a periphery of the wafer unsealed, the 
periphery of the wafer corresponding to an area 
other than an area in which the semiconductor device 
is formed. 

According to the above-mentioned invention, 
since the periphery of the wafer remains unsealed, a 
parting line between an upper die and a lower die of 
a mold die for molding the seal resin is formed on 
the upper surface of the wafer. Accordingly, the 
upper die can be brought into contact with the wafer 
which has a relatively high elasticity, thereby 
preventing formation of a burr. Additionally, if 
the burr is formed on the upper surface of the wafer 
the burr may remain on the upper surface of the 
wafer and does not fall from the wafer. Accordingly 
the semiconductor test apparatus is prevented from 
being contaminated by the burr. 

Additionally, there is provided according 
to another aspect of the present Invention a method 
of testing semiconductor devices, comprising the 
steps of: forming a redistribution layer on the 
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semiconductor devices in a wafer state; forming a 
seal resin layer on the redistribution layer so as 
to encapsulate the semiconductor devices; forming 
grooves in the seal resin layer along scribe lines, 
5 the grooves extending through the seal resin layer 
so that a bottom of each of the grooves reaches the 
wafer; performing a test on the semiconductor 
devices in the wafer state while recognizing the 
wafer exposed on the bottom of the groove as a 
10 reference position; and separating the wafer into 
individual semiconductor devices by cutting the 
wafer along the scribe lines. 

, According to the above-mentioned invention, 

O 

the grooves are formed along scribe lines that are 
15 used for cutting the wafer. Since the bottom of 
H-^i each of the grooves reaches the wafer, the wafer is 

exposed in the bottom of each of the grooves. Since 
the seal resin layer is normally in a dark color 
(black), but the wafer is normally in a bright color, 
20 the bottom of each of the grooves can be easily 

recognized by image recognition. Accordingly, the 
wafer having the grooves can be accurately 
positioned in a test apparatus by using the bottom 
of each of the grooves without providing an 
25 alignment mark on the wafer. 

Additionally, the grooves not only serve 
as alignment marks but also serve as a means for 
preventing a warp of the wafer. By forming the 
grooves in the seal resin layer provided on the 
30 wafer, the seal resin layer is divided into small 
pieces. As a result, the wafer is prevented from 
being deformed, and the wafer can be positively 
fixed onto the vacuum chuck table. 

The grooves can be formed by using a 
35 dicing saw, and the wafer after being tested is 
subjected to a dicing process again so as to be 
divided into individual semiconductor devices. 
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Additionally, there is provided according 
to another aspect of the present invention a method 
of fixing a wafer onto a vacuum chuck table by 
suction, comprising the steps of: suctioning a 
5 portion of the wafer having a minimum warp so that 
the portion of the wafer is fixed onto the vacuum 
chuck table; suctioning a portion of the wafer 
adjacent to the suctioned portion of the wafer so 
that the portion of the wafer adjacent to the 
10 suctioned portion is fixed onto the vacuum chuck 
table; and sequentially repeating the suctioning 
step until an entire wafer is fixed onto the vacuum 
chuck table by suction. 

According to the above-mentioned invention, 
yi 15 the wafer is suctioned and fixed from a portion 

having less deformation. Thus, even if the wafer 
\n has a large deformation, the wafer can be positively 

p fixed onto the vacuum chuck table. 

S'r 3 

]f Additionally, there is provided according 

20 to another aspect of the present invention an 
apparatus for fixing a semiconductor wafer by 
suction, comprising: a vacuum chuck table having a 
plurality of concentric suction grooves; and suction 
passages connected to the suction grooves, the 
25 suction grooves being grouped into a plurality of 
groups so that each of the suction passages is 
connected to the suction grooves included in a 
corresponding one of the groups, wherein a 
suctioning force is sequentially introduced into 
30 each of the suction passages at different timing. 

According to the above-mentioned invention, 
the suction grooves are divided into a plurality of 
groups, and the suctioning is started from the 
suction grooves included in the innermost group, and 
35 sequentially shifted toward the outermost group. 

Accordingly, the suctioning is started from an inner 
part of the wafer whose deformation or warp is 
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smaller than other portion of the wafer and 
sequentially shifted toward the outer side of the 
wafer ♦ Thus, if the wafer has large deformation or 
warp, the wafer can be positively attracted toward 
the surface of the vacuum chuck table. 

Other objects, features and advantages of 
the present invention will become more apparent from 
the following detailed description when read in 
conjunction with the accompanying drawings, 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a plan view of semiconductor 
devices according to a first embodiment of the 
present invention; 
15 FIG. 2 is a cross-sectional view of the 

*y semiconductor devices according to the first 

»fl embodiment of the present invention taken along a 

line II-II of FIG.l; 

FIG. 3A is an illustration of a contour of 
20 an example of an alignment mark; FIG. 3B is an 

illustration of a result of image recognition of the 
alignment mark shown in FIG. 3A; 

FIG. 4A is an illustration of a contour of 
another example of an alignment mark; FIG. 4B is an 
25 illustration of a result of image recognition of the 
alignment mark shown in FIG. 4A; 

FIGS. 5A and 5B are illustrations of 
square alignment marks having a broken part or a 
deformed part in different positions; FIG. 5C is an 
30 illustration of a result of image recognition of the 
square alignment marks shown in FIGS. 5A and 5B; 

FIG. 6A is an illustration of a contour of 
a circular alignment mark having a large size; 
FIG.6B is an illustration of a result of image 
35 recognition of the alignment mark shown in FIG. 6A; 

FIG. 7A is an illustration of a contour of 
a circular alignment mark having a small size; 



-15- 



FIG,7B is an illustration of a result of image 
recognition of the alignment mark shown in FIG. 7A; 

FIGS. 8A and 8B are illustrations of 
contours of square alignment marks; FIG. 8C is an 
5 illustration of a result of image recognition of the 
alignment marks shown in FIGS. 8A and 8B; 

FIG. 9 is an illustration of an alignment 
mark having a size slightly smaller than three 
quarters of the size of a recognition area; 
10 FIG. lOA is an illustration of an 

alignment mark having a size equal to a quarter of 
the size of the recognition area; FIG. lOB is an 
illustration of a result of image recognition of the 
^fl alignment mark shown in FIG. lOA; 

15 FIG. 11 is a plan view of a semiconductor 

device according to a second embodiment of the 
present invention; 
5y! FIG. 12 is a side view of the 

s ; 3 

3j semiconductor device according to the second 

S 20 embodiment of the present invention; 

FIG. 13 is a plan view of a variation of 
Ijl the semiconductor device according to the second 

■^^^ embodiment of the present invention; 

Q 

FIG. 14 is a plan view of semiconductor 
25 devices according to a third embodiment of the 
present invention in a wafer state; 

FIG. 15A is a plan view of a wafer on 
which semiconductor devices are formed according to 
a fourth embodiment of the present invention; FIG. 
30 15B is a side view of the wafer shown in FIG. 15A; 

FIG. 16 is an illustration of a mold die 
for encapsulating the wafer shown in FIGS. 15A and 
15B; 

FIG. 17A is a plan view of a wafer having 
35 an unsealed periphery; FIG. 17B is a side view of 
the wafer shown in FIG. 17A; 

FIG. 18 is a side view of a wafer on which 
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semiconductor devices are formed with a periphery of 
the wafer exposed; 

FIG. 19A is a plan view of an example of a 
wafer on which a plurality of semiconductor devices 
5 are formed by being encapsulated by a seal resin and 
mark members are formed; FIG, 19B is a side view of 
the wafer shown in FIG. 19A; 

FIG. 20A is a plan view of a wafer used 
for testing a semiconductor device according to a 
10 fifth embodiment of the present invention; FIG. 20B 
is a side view of the wafer shown in FIG. 20A; 

FIG. 21A is a plan view of a variation of 
the wafer shown in FIGS. 20A and 20B; FIG. 21B is a 
side view of the wafer shown in FIG. 21A; 
15 FIG. 22A is a side view of a part of a 



probe card used in a semiconductor test apparatus; 
FIG. 22B is a plan view of the part of the probe 
card shown in FIG. 22A; 

FIG. 23 is a cross - sectional view of a 



Q 20 probe provided in the probe card shown in FIGS. 22A 

and 22B; 

m FIG. 24A is a plan view of a probe card 

!^ configured to simultaneously test six semiconductor 

^ devices; FIG. 24B is a side view of the probe card 

25 shown in FIG. 24A. 

FIG. 25 is a side view of a probe card 
positioned above a semiconductor device; 

FIG. 26A is a plan view of a semiconductor 
device having a mark member connected with one of 
30 solder balls; FIG. 26B is a side view of the 

semiconductor device shown in FIG. 26A in a state in 
which a probe card is made in contact with the 
semiconductor device ; 

FIG. 27A is a plan view of a semiconductor 
3 5 device having two mark members each of which is 

connected to one of solder balls; FIG. 27B is a side 
view of the semiconductor device shown in FIG. 27A 



in a state in which a probe card is made in contact 
with the semiconductor device; 

FIG. 28A is a plan view of a semiconductor 
device provided with two mark members; FIG. 28B is a 
side view of the semiconductor device shown in FIG. 
28A; 

FIG* 29 is a plan view of a wafer provided 
with a wafer map start point; 

FIG. 30A is a partially cutaway front view 
of a vacuum chuck table having a plurality of 
suction grooves all over the suction area; FIG. 30B 
is a plan view of the vacuum chuck table shown in 
FIG. 30A; FIG. 30C is a side view of the vacuum 
chuck table shown in 30A; 

FIG. 31 is a plan view of another example 
of the vacuum chuck table having a plurality of 
suction grooves; 

FIG. 32A is a plan view of a vacuum chuck 
table having many tiny holes instead of suction 
grooves; FIG. 32B is a cross-sectional view of the 
vacuum chuck table shown in FIG. 32A; 

FIG. 33 is a side view of semiconductor 
devices formed on a wafer, one of the semiconductor 
devices is determined to be defective and solder 
balls being not provided thereto; 

FIG. 34 is a side view of semiconductor 
devices formed on a wafer, one of the semiconductor 
devices is determined to be defective and solder 
balls of the defective semiconductor device being 
crushed; and 

FIG. 35 is a side view of semiconductor 
devices formed on a wafer, one of the semiconductor 
devices is determined to be defective and solder 
balls of the defective semiconductor device being 
covered with an insulating material. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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A description will now be given, with 
reference to FIGS. 1 and 2, of a first embodiment of 
the present invention. 

FIG. 1 is a plan view of semiconductor 
devices according to the first embodiment of the 
present invention. FIG. 2 is a cross - sectional view 
of the semiconductor devices according to the first 
embodiment of the present invention taken along a 
line II-II of FIG. 1. 

The semiconductor device 10 according to 
the first embodiment of the present invention is 
formed on a silicon wafer 12. A plurality of 
semiconductor devices 10 are simultaneously formed 
on the silicon wafer 12. It should be noted that 
the semiconductor devices 10 shown in FIGS. 1 and 2 
are in a wafer state in which the semiconductor 
wafers 10 are not yet cut out to individual devices. 
The semiconductor device 10 is formed as a chip size 
package (CSP) as shown in FIG. 2. That is, the 
semiconductor device 10 has a redistribution layer 
18 on circuit forming areas 14 formed in the 
semiconductor wafer 12, and a plurality of metal 
posts (copper posts) 16 are formed on the 
redistribution layer 18. The metal posts 16 are 
encapsulated by a seal resin layer 20. A solder 
ball 22 as a protruding electrode is formed at the 
top of each of the metal posts 16. 

In the above-mentioned structure, 
electrodes of the circuit forming areas 14 are 
connected to lands (not shown in the figure) formed 
in the redistribution layer 18 by conductive 
patterns (not shown in the figure) also formed in 
the redistribution layer 18. The metal posts 16 are 
formed by depositing a metal such as copper by an 
electroless plating method. After the metal posts 
16 are formed, the metal posts 16 are encapsulated 
by the seal resin layer 20. Thereafter, the solder 
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ball 22 is formed at the end of each of the metal 
posts 16. 

In the semiconductor device 10 according 
to the present invention, alignment marks 24 serving 
5 as alignment marks are formed on the redistribution 
layer 18 in the step of forming the above-mentioned 
metal posts 16. That is, the mark members 24 are 
simultaneously formed in the process of forming the 
metal posts 16. Accordingly, the mark members 24 
10 are formed of the same material as the metal posts 
16, 

Since the solder ball 22 is not formed on 
each of the mark members 24, a top surface of each 
'^Q of the mark members 2 4 is exposed on the surface of 

15 the semiconductor device 10. The top surface of 
each of the mark members 24 corresponds to the 
?fl alignment mark, which is used for positioning the 

semiconductor device 10 in a subsequent test process 
Since the mark members 24 are formed in 
Q 20 the same process with the metal posts 16 by using a 

semiconductor manufacturing process technique, the 
mark members 24 can be arranged with a high 
positioning accuracy relative to the metal posts 16. 
Accordingly, the alignment marks provided by the 
25 mark members 24 are arranged with a high positioning 
accuracy relative to the solder balls 22 formed on 
the metal posts 16. Thus, the positions of the 
solder balls 22 can be accurately recognized by 
recognizing the alignment marks by image recognition 
30 in the test process. 

A description will now be given of a 
configuration of each of the mark members 24. The 
alignment mark is used in a test performed after the 
semiconductor device 10 is completed in the wafer 
35 state. The test is performed by using probes being 
brought into contact with the electrodes (solder 
balls 22) of the semiconductor device 10. 
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Accordingly, the semiconductor device 10 must be 
accurately positioned in the test apparatus. In 
order to accurately position the semiconductor 
device 10, the test apparatus is provided with a 
5 camera for recognizing the position of the 

semiconductor device 10. That is, the alignment 
marks are recognized by the camera so as to 
determine the positions of the electrodes of the 
semiconductor device 10. The semiconductor device 
10 10 is moved so that the determined positions of the 
electrodes match the positions of the probes. 

FIG. 3A shows a contour of an example of 
^™ the alignment mark, and FIG. 3B is a result of image 

recognition of the alignment mark shown in FIG. 3A. 
m 15 As shown in FIG. 3A, the contour of the alignment 

-.J mark is not a complete circle since there is a 

iS broken part or a deformed part produced in the 

manufacturing process. When such an alignment mark 

aU. 

is recognized by image recognition, the alignment 
O 20 mark is recognized as a polygon as shown in FIG. 3B. 

FIG. 4A shows a contour of another example 
1/1 of the alignment mark, and FIG. 4B is a result of 

y image recognition of the alignment mark shown in FIG. 

4A. Similar to the example shown in FIG. 3A, the 
25 contour of the alignment mark shown in FIG. 4A is 
not a complete circle since there is a broken part 
or a deformed part produced in the manufacturing 
process. When the alignment mark shown in FIG. 4A 
is recognized by image recognition, the alignment 
30 mark is recognized as a polygon as shown in FIG. 48. 
It can be appreciated from FIGS. 3B and 4B that the 
results of recognition differ from each other due to 
incompleteness of the contour of the alignment mark. 
That is , although both the alignment marks shown in 
35 FIGS. 3A and 4A are formed as a circle, the 

recognized image (shape) differs from each other due 
to a broken part or a deformed part in the contour 
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of the alignment marks . 

If both the alignment marks shown in FIGS, 
3A and 4A show a complete circle, each of the 
alignment marks is recognized as a circle. However, 
5 if there is a broken part or deformed part in 
different positions, the alignment marks are 
recognized as different shape since the broken part 
or the deformed part is regarded as a critical 
feature of the alignment marks if a radius of 
10 curvature of the broken part or the deformed part is 
smaller than the radius of the circle of the contour 
of the alignment marks . 

On the other hand, an alignment mark 
having a polygonal shape having a straight part 
15 provides a low possibility to be recognized as a 
different shape. FIG. 5A and 5B show square 
alignment marks having a broken part or a deformed 
part in different positions. FIG. 5C shows a result 
of image recognition of the square alignment marks 

Q 20 shown in FIGS. 5A and 5B. 

in 

A Straight part such as a side of a square 

I y 

yi can be easily recognized as a straight line even if 

5 the straight line includes a winding part since the 

line including the winding part can be recognized as 

25 a straight line based on a part other than the 
winding part. Accordingly, a polygon such as a 
square provides a high recognition rate as being 
recognized as the polygon. That is, a possibility 
of recognizing a square as other shapes is low. 

30 Additionally, a critical feature of a figure lies in 
its inflection point, and each corner of a polygon 
is a critical feature of the polygon. That is, the 
sharper the corner angle, the lower the possibility 
of presence of a winding part or broken part, which 

35 is more critical than the corner. Thus, it can be 
appreciated that the sharper the corner angle of a 
figure, the higher the recognition rate of the 
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f igure . 

If a circular mark is larger than the 
recognition area or range as shown in FIG. 6A, a 
change rate of the contour of the circular mark is 
5 low since the radius of curvature is large. 

Accordingly, if there is a winding part or a broken 
part, the circular mark may be erroneously 
recognized as a different shape as shown in FIG. 6B. 
Additionally, if the entire mark cannot be covered 
10 by the recognition area or range, the entire 

configuration of the mark cannot be recognized which 
results in erroneous recognition as a completely 
different shape. 

On the other hand, if the mark has a 
IJI 15 circular shape but the size of the mark is 
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sufficiently smaller than the recognition area or 
range as shown in FIG. 7A, the mark can be properly 
U recognized as shown in FIG. 7B, and a shift in the 

position of the mark can also be recognized. 
Q 20 Additionally, even if the mark has a 

in straight part, the mark having a size larger than 

Vi the recognition area or range may be erroneously 

□ recognized as a different shape. That is, for 

& example, the square mark shown in FIG. 8A and 

2 5 another square mark shown in FIG. 8B may be 

recognized as square marks having the same size as 
shown in FIG. 8C . This is because, in this case, an 
outer configuration of the marks is recognized based 
on two sides of the square. In order to recognize 
30 an entire shape of the mark, the size of the mark is 
preferably about three quarters (3/4) of the 
recognition area or range as shown in FIG. 9. By 
such an arrangement, the entire mark can be covered 
by the recognition area or range even if the 
35 position of the mark is shifted from the recognition 
area or range. 

According to the above-mentioned reason. 
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it is most preferable that the mark have the size 
smaller than a quarter (1/4) of the recognition area 
or range and has a straight part such as a square. 

In the semiconductor device 10 according 
to the first embodiment of the present invention as 
shown in FIGS. 1 and 2, the mark members 24 are 
formed of the same material as the metal posts 16. 
That is, the height of each of the mark members 2 4 
must be greater than the thickness of the seal resin 
layer 20. Since the mark members 24 are formed by 
plating as the same with the metal posts 16, a 
bottom area of each of the mark members 24 must have 
a large area so as to achieve a desired height of 
each of the mark members 24. That is, the aspect 
ratio (width/height) of each of the mark members 24 
is preferably equal to or greater than 1, more 
preferably equal to about 2. 

The recognition area or range of a camera 
of a conventional prober is a square having a side 
of about 200 |Lim at maximum. Accordingly, if the 
thickness of the seal resin layer 20 of the 
semiconductor device 10 is 100 |xm, a side of the 
square corresponding to the horizontal cross-section 
of each of the mark members 24 is preferably in the 
range of 100 \im to 150 ^im when the preferable aspect 
ratio (width/height) is taken into consideration. 
Additionally, due to the fluidity of the seal resin 
20 during a molding process, each corner of the 
square corresponding to the horizontal cross-section 
of each of the mark members 24 is preferably 
slightly rounded. 

As mentioned above, the size of the 
horizontal cross - section of each of the mark members 
24 is dependent on the height of each of the mark 
members 24. Thus, if the thickness of the seal 
resin layer 20 is small, the height of each of the 
mark members 2 4 can be small as well. Thereby, the 



size of the horizontal cross - section of each of the 
mark members 24 can be reduced as small as a square 
having a side of 50 \im. In this case, the alignment 
mark is smaller than the recognition area or range 
of the prober, thereby improving the recognition 
rate of the alignment mark. 

A description will now be given, with 
reference to FIGS. 11 and 12, of a second embodiment 
of the present invention. FIG. 11 is a plan view of 
a semiconductor device 30 according to the second 
embodiment of the present invention. FIG. 12 is a 
side view of the semiconductor device 30 according 
to the second embodiment of the present invention. 
It should be noted that FIGS. 11 and 12 show a wafer 
state in which the semiconductor devices 30 are 
formed on a wafer and not yet cut out in individual 
devices . 

The semiconductor device 30 comprises: a 
semiconductor chip 32 formed on a wafer; a 
redistribution layer 34 formed on the semiconductor 
chip 32; a plurality of electrode pads 36 formed on 
the redistribution layer 34; and a plurality of 
solder balls 38 as protruding electrodes formed on 
the electrode pads 36. The redistribution layer 34 
is provided for redistributing the electrodes of the 
semiconductor chip 32 to predetermined positions on 
the redistribution layer 36. 

The semiconductor device 30 is a type 
having no encapsulation. That is, the semiconductor 
device 30 does not have a seal resin. Accordingly, 
the semiconductor device 30 is not provided with the 
metal posts 16 of the semiconductor device 10 
according to the first embodiment of the present 
invention. Thus, mark members 40 serving as 
alignment marks are formed on the redistribution 
layer 34. 

The mark members 4 0 are formed by the same 



method as the electrode pads 36 formed on the 
redistribution layer 34 for the solder balls 38. In 
the present embodiment, the electrode pads 36 are 
formed on a polyimide insulating layer by copper 
plating. Accordingly, each of the mark members 40 

having a thickness of about 10 |Lim is formed by 
copper plating. Thus, the configuration of each of 
the mark members 40 is not dependent on the 
thickness (height) thereof, and can be formed in a 
square shape having a side of 100 \im. 

Additionally, since the semiconductor . 
device according to the present embodiment is not 
encapsulated by a seal resin, there is no need to 
consider fluidity of the seal resin. That is, a 
configuration of the alignment mark can be freely 
selected. FIG. 13 is a plan view of a variation of 
the semiconductor device 30. In this variation, 
each of the mark members 40 is cross -shaped. The 
cross shape can be more easily recognized than the 
square shape. Thus, the cross -shaped alignment mark 
can provide a higher recognition rate than the 
square alignment mark. 

It should be noted that although the 
semiconductor device 30 according to the present 
embodiment is not encapsulated by a seal resin, the 
redistribution layer 34 and the electrode pads 40 of 
the semiconductor device 30 can be produced in the 
same manner as that of the semiconductor device 10 
according to the above-mentioned first embodiment of 
the present invention. That is, the semiconductor 
device 10 corresponds to a structure in which the 
metal posts 16 are formed by plating on the pad 
electrodes 36 of the semiconductor device 30. 
Accordingly, the semiconductor device 30 can be 
produced in the same manner as the semiconductor 
device 10 before the metal posts 16 are formed. 
That is, the semiconductor device 30 corresponding 



to the semiconductor device 10 in a middle state of 
the manufacturing process. Thus, the semiconductor 
device 10 can be subjected to a test in the middle 
of the manufacturing process. 

A description will now be given, with 
reference to FIG. 14, of a third embodiment of the 
present invention. FIG. 14 is a plan view of 
semiconductor devices according to a third 
embodiment of the present invention in a wafer state. 

In the semiconductor device shown in FIG. 
14, four alignment marks are provided on a periphery 
of a wafer. That is, four mark members 50 serving 
as alignment marks are provided on the periphery of 
the wafer. The semiconductor device shown in FIG. 
14 has basically the same structure as the 
semiconductor device 10 or 30. However, the 
semiconductor device shown in FIG. 14 has protruding 
electrodes provided in the entire surface thereof, 
and there is no space to provide a mark member on 
the surface of the semiconductor device. 
Accordingly, the mark members 50 are formed on the 
periphery of the wafer other than the semiconductor 
devices so that the semiconductor devices are tested 
in the wafer state. 

The mark members 50 shown in FIG. 14 are 
formed in a square shape having a side of about 150 
\xm. The semiconductor devices in the wafer state 
are loaded on the semiconductor test apparatus 
(prober) in the wafer state, and the alignment marks 
(mark members 50) are recognized by a camera 
provided in the test apparatus. Thereafter, the 
center of the wafer is determined based on a result 
of the recognition of the mark members 50. The 
positions of each of the protruding electrodes 
(solder balls) of each of the semiconductor devices 
are determined by the center of the wafer so as to 
place the probes in contact with the respective 
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solder balls to perform a semiconductor test. The 
semiconductor devices tested in the wafer state are 
cut out in individual semiconductor devices. 

A description will now be given, with 
reference to FIGS. 15A and 15B, of a fourth 
embodiment of the present invention. In the fourth 
embodiment of the present invention, the 
semiconductor chip is encapsulated by a seal resin 
in the wafer state as is the same with the 
semiconductor device 10 according to the first 
embodiment of the present invention. However, in 
the present embodiment, a periphery of the wafer is 
not encapsulated by the seal resin so as to form 
alignment marks (mark members 50) on the unsealed 
periphery of the wafer. 

After forming a redistribution layer 52 on 
semiconductor chips on the wafer and forming metal 
posts (not shown in the figure) on the 
redistribution layer 52, the entire wafer is placed 
on a lower die of a mold die and a seal resin layer 
is formed by an upper die as shown in FIG. 16. That 
is, a portion of the upper die, which forms the seal 
resin layer, has a diameter smaller than the 
diameter of the wafer so that the bottom surface of 
the upper die contacts the periphery of the surface 
of the redistribution layer 52 formed on the wafer. 
FIG. 17A is the wafer molded by the mold die shown 
in FIG. 16, and FIG. 17B is a side view of the wafer 
shown in FIG. 17A. As shown in FIGS. 17A and 17B, 
the semiconductor chips encapsulated by using the 
mold die shown in FIG. 16 are encapsulated by a seal 
resin layer 54 with the periphery of the wafer 
remaining unsealed . 

The semiconductor devices encapsulated in 
the wafer state are provided with solder balls as 
protruding electrodes as shown in FIG. 15B. 
Thereafter, the semiconductor devices are loaded on 
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a semiconductor test apparatus in the wafer state. 
In the test apparatus, the positions of the solder 
balls 56 are recognized in the same manner as the 
semiconductor device shown in FIG. 14 so as to 
perform a semiconductor test by placing the probes 
in contact with the respective solder balls 56. 

It should be noted that the mark members 
50 may be directly formed on the wafer within a 
portion without forming the redistribution layer 52 
on the periphery of the wafer. In order to make the 
wafer being exposed, a mask layer may be formed, in 
the forming process of the redistribution layer, on 
a portion of the wafer so that the redistribution 
layer is not formed on the portion to be exposed. 

When the semiconductor devices in the 
wafer state that are encapsulated with a periphery 
remaining unsealed are subjected to the 
semiconductor test, the following advantages can be 
achieved. When the semiconductor devices 
encapsulated in the wafer state are loaded on the 
semiconductor test apparatus, a parting line between 
the upper die and the lower die is formed on the 
side surface of the wafer. In this case, a burr of 
the seal resin may be formed along the parting line. 
If the semiconductor devices in the wafer state 
having such a burr are loaded on the semiconductor 
test apparatus, the burrs may be removed and 
accumulate in the test apparatus. 

On the other hand, in the method in which 
the periphery of the wafer remains unsealed, the 
parting line between the upper die and the lower die 
is on the upper surface of the wafer. Accordingly, 
the upper die can be brought into contact with the 
wafer, which has a relatively high elasticity, 
thereby preventing formation of the burr. 
Additionally, if the burr is formed on the upper 
surface of the wafer, the burr may remain on the 



upper surface of the wafer and not fall from the 
wafer. Accordingly, there is an advantage that the 
semiconductor test apparatus is prevented from being 
contaminated by the burrs by encapsulating the 
semiconductor chips with the periphery of the wafer 
remaining unsealed • 

Additionally, a mark or sign indicating a 
type code of the semiconductor device can be 
provided on the unsealed periphery of the wafer. 

As a method for encapsulating the 
semiconductor chip in the wafer state with the 
periphery of the wafer remaining unsealed, a 
temporary film having a relatively large thickness 
is applied onto a portion which is to be unsealed. 
After applying the temporary film, the semiconductor 
chip in the wafer state is encapsulated by a seal 
resin, and, thereafter, the temporary film is 
removed from the wafer. 

FIG. 19A is a plan view of an example of a 
wafer on which a plurality of semiconductor devices 
are formed by being encapsulated by a seal resin and 
mark members 50 are formed. FIG. 19B is a side view 
of the wafer shown in FIG. 19A. In the example 
shown in FIGS. 19A and 19B, there is an advantage 
that the thickness of the seal resin layer can be 
maintained uniform since the excess of the seal 
resin provided to the semiconductor chips is 
expelled toward the periphery of the wafer while the 
alignment marks are provided on the periphery of the 
wafer . 

A description will now be given, with 
reference to FIGS. 20A and 20B, of a fifth 
embodiment of the present invention. FIG. 20A is a 
plan view of a wafer used for testing a 
semiconductor device according to the fifth 
embodiment of the present invention. FIG. 203 is a 
side view of the wafer shown in FIG. 20A. 
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In the method for testing the 
semiconductor device according to fifth embodiment 
of the present invention, a redistribution layer is 
formed on the semiconductor chip 62 before being cut 
5 out from the wafer 60, and encapsulated by a seal 
resin after forming metal posts. Thereafter, 
grooves 66 are formed along scribe lines that are 
used for cutting the wafer. The grooves 66 are 
formed by using a dicing saw. That is, as shown in 
10 FIG. 20B, a cutting depth of the dicing saw is set 
so as to at least exceed the thickness of the seal 
resin layer 64. Accordingly, the wafer 60 is 
exposed in the bottom of the grooves 66. 

The seal resin layer 64 is a dark color 
r| 15 (black), but the silicon wafer 60 is a bright color. 

Accordingly, the bottom of the grooves 66 formed on 
the surface of the seal resin layer can be easily 
aJ recognized by a camera. Especially, the 

^ intersection of the grooves 66 can be easily 

=^ 20 recognized as an alignment mark. Accordingly, the 

n wafer having the grooves 6 6 can be accurately 

5' positioned in the test apparatus by using the 

intersection of the grooves 66 without providing 
alignment marks on the wafer. 
25 It should be noted that the wafer 60 shown 

in FIGS. 20A and 20B is provided with the groove 66 
along all of the scribe lines, the groove 66 may be 
formed along every other scribe lines as shown in 
FIGS. 21A and 21B. 
30 The grooves 6 6 do not only serve as 

alignment marks but also serve as a means for 
preventing a warp of the wafer 60. When the seal 
resin layer 64 is formed on the wafer 60, the wafer 
may warp due to a difference in the thermal 
35 expansion rate between the wafer 60 and the seal 
resin layer 64. Due to the warp of the wafer 60, 
the wafer 60 deforms in a dish-like shape opening on 
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the seal resin layer 64 side. If the thus -deformed 
wafer 60 is fixed on a vacuum chuck, the periphery 
of the wafer 60 may be lifted above the vacuum chuck 
table. In such a state, air leaks through the 
5 lifted portion, and, thereby, the wafer 60 cannot be 
fixed on the vacuum chuck table. 

However, by forming the grooves 6 6 In the 
seal resin layer 64 provided on the wafer 60, the 
seal resin layer 64 Is divided Into small pieces. 
10 As a result, the wafer 60 Is prevented from being 
deformed, and the wafer 60 can be positively fixed 
onto the vacuum chuck table. 

The wafer 60 after being tested Is 
^5 subjected to a dicing process again so as to be 

Ifl 15 divided Into Individual semiconductor devices. 

Thereafter, the solder balls as protruding 
■,Q electrodes are formed on the electrode pads exposed 

^ on the surface of the seal resin layer 64. It 

should be noted that the semiconductor devices may 
O 20 be subjected to the test process after forming the 

!ij grooves 66 and forming the solder balls In the wafer 

Ijf state. 

5 A description will now be given of the 

test apparatus that Is used for testing the above- 
25 mentioned semiconductor devices. FIG. 22A Is a side 
view of a part of a probe card that Is used In a 
semiconductor test apparatus. FIG. 22B Is a plan 
view of the part of the probe card shown In FIG. 22A. 
FIG. 23 Is a cross - sect lonal view of a probe 
30 provided In the probe card shown In FIGS. 22A and 
22B, 

The probe card 70 Is provided with a 
plurality of probes 72 at positions corresponding to 
positions of electrodes (solder balls) of a 
35 semiconductor device to be tested. Each of the 
probes 72 Is a vertical spring probe, which Is 
referred to as POGO-PIN. Each of the probes 72 Is 



spring loaded in the extended position by a coil 
spring 74, Thereby, each of the probes 72 can move 
in the direction of the longitudinal axis by a 
distance S as shown in FIG. 22A. Thus, an 
appropriate contact pressure can be achieved when 
each of the probes 72 contacts a respective one of 
the solder balls of the semiconductor device to be 
tested. Each of the probes 72 has a diameter of 
about 300 ^im so as to easily contact the respective 
one of the solder balls. A recess corresponding to 
the solder ball is formed on the end surface of each 
of the probes 72. 

The probe card 70 is also provided with a 
dummy probe 76 in addition to the probes 72. The 
dummy probe 76 is also movable in the direction of 
the longitudinal axis by the distance S. The dummy 
probe 76 is exclusively provided for recognition of 
a position of the probe card 70, and does not 
contact the solder balls. The diameter of the end 
of the dummy probe 76 is less than 100 fxm, and a 
flat surface having a diameter of 30 ^xm is formed at 
the extreme end of the dummy probe 76. The reason 
for the dummy probe 7 6 being formed in the above- 
mentioned structure is that a camera provided in the 
prober (test apparatus) cannot recognize the probe 
72 having the diameter of 300 [im. Additionally, if 
there is no flat portion, it is difficult to focus 
the camera on the probe . 

If the probes 72 are also used as the 
probe for recognizing the position of the probe card 
70, dirt may adhere to the probes 72 since the 
probes 72 contact the protruding electrode. 
Especially, when solder balls are used for the 
protruding electrodes, solder may easily adhere onto 
the probe 72 during a high- temperature test. If 
dirt adheres to the end of the probe 72, accuracy of 
recognition of the probe 72 may deteriorate. 
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However, in the present embodiment, the only dummy 
probe 76 is used for recognition, thereby preventing 
deterioration of recognition accuracy due to 
adhesion of dirt to a probe to be recognized. When 
the dummy probe 76 is configured not to contact the 
semiconductor device to be tested, erroneous 
recognition caused by dirt can be almost eliminated. 

When a plurality of semiconductor devices 
are simultaneously tested, there is no need to 
provide the dummy probe 76 to each of the 
semiconductor devices. FIG. 24A is a plan view of a 
probe card configured to simultaneously test six 
semiconductor devices. FIG. 24B is a side view of 
the probe card sown in FIG. 24A. As shown in FIG. 
24A, the dummy probe 7 6 is provided to each of the 
semiconductor devices. However, since the plurality 
of semiconductor devices are integral with each 
other and are accurately positioned to each other, 
only one or two dummy probes 76 need to be provided 
to the six semiconductor devices. 

FIG. 25 is a side view of a probe card 
positioned above a semiconductor device. In FIG. 25 
the dummy probe 76 is located at a position 
corresponding to an alignment mark of the 
semiconductor device. It should be noted that the 
semiconductor device shown in FIG. 25 is identical 
to the semiconductor device 10 shown in FIG. 1. 
That is, the positional relationship between the 
probes 72 and the dummy probe 76 of the probe card 
70 is the same as the relationship between the 
solder balls 22 and the alignment mark (mark member 
24) of the semiconductor device 10. Accordingly, 
the dummy probe 7 6 matches the alignment mark when 
the probes 72 of the probe card 70 match the solder 
balls 22 of the semiconductor device, respectively. 
Thus, there is no need to input an offset value 
between the position of the dummy probe 76 and the 
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position of the alignment mark, thereby preventing 
an input of an incorrect value as the offset value 
by mistake. 

Additionally, as shown in FIGS. 2 6A and 
5 26B, the mark member 24 is electrically connected to 
one of the electrode pads of the semiconductor 
device so that a contact of the dummy probe 76 to 
the mark member 24 can be electrically detected by 
the test apparatus. For example, the mark member 24 
10 of the semiconductor device may be connected to a 
GND terminal on the redistribution layer, and the 
dummy probe 76 of the probe card 70 may be connected 
to a tester channel or an I/O port of the prober so 
^3 that an electrical potential of the dummy probe 76 

|f| 15 can be detected. In this case, a height of the 

S" dummy probe 7 6 must be adjusted so that the dummy 

~ probe 76 appropriately contacts the mark member 24 

y when the probes 72 contact the respective solder 

tU balls 22. 

!^ 20 According to the above-mentioned structure, 

m the following effects can be achieved. 

1) It can be determined that the probes 
72 normally contact the respective solder balls 22 

O by detecting that the dummy probe 7 6 electrically 

25 contacts with the mark member 24. 

2) It can be determined that the probe 
card 70 is at a lower limit position beyond which 
the probe card 70 must not approach the 
semiconductor device by detecting that the dummy 

30 probe 76 connects the mark member 24. 

3) The effects mentioned in 1) and 2) 
above can be simultaneously achieved. That is, as 
shown in FIGS. 2 7A and 2 7B, two dummy probes 7 6 are 
provided so that one of the dummy probes 7 6 are 

35 located at a height so as to achieve the effect 1) 

and the other of the dummy probes 76 is located at a 
height so as to achieve the effect 2). In FIGS. 27A 



and 27B, the dummy probe on the left side is 
provided for determining the contact between the 
probes 7 2 and the solder balls 22, and the dummy 
probes 76 on the right side is provided for 
determining the probe card positioned at the lower 
limit position. 

FIGS. 28A and 28B show an example of the 
probe card provided with two dummy probes 76. 
According to the probe card shown in FIGS. 28A and 
28B, a parallel level and a positional offset 
between the probe card and the semiconductor device 
to be tested can be detected. That is, two mark 
members 24 are provided to the semiconductor device, 
and two dummy probes 7 6 are provided to the probe 
card 70. The two dummy probes 76 are located at the 
same height relative to the mark members 24. The 
two mark members are electrically connected to each 
other. Accordingly, by detecting whether or not 
both the two dummy probes 76 simultaneously contact 
the respective mark members 24, a parallel level and 
a positional offset (B-offset) in the rotational 
direction between the probe card 70 and the 
semiconductor device can be detected. 

FIG. 29 is a plan view of a wafer on which 
semiconductor devices are formed and provided with a 
wafer map start point. The wafer shown in FIG. 29 
is identical to the wafer shown in FIG. 14 except 
for the wafer map start point 78 being provided at a 
predetermined point on the surface of the wafer. 
The wafer map start point 78 is formed by the same 
method as the method of forming the alignment marks 
50. The wafer map start point 78 is used in a wafer 
map system in which the positions of the 
semiconductor devices on the wafer are managed by 
positional information based on a specific point on 
the wafer. In this case, the wafer map start point 
78 corresponds to the specific point. Since the 
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wafer map start point 78 is formed by the same 
method as the alignment marks 50, the wafer map 
start point 78 can be recognized after the 
semiconductor chips on the wafer are encapsulated by 
a seal resin. That is, the wafer map system can be 
effected even when the semiconductor chips are 
encapsulated . 

A description will now be given of a 
vacuum chuck table provided in a prober (wafer 
prober) for testing semiconductor devices in the 
wafer state. 

A conventional vacuum chuck table is 
provided with several concentric suction grooves on 
the surface thereof with a pitch of more than 5 mm. 
The suction grooves are connected to a vacuum source 
so as to attract a wafer toward the surface of 
vacuum chuck table by suctioning. 

The conventional vacuum chuck table is 
designed to hold fixed a flat wafer. However, as 
mentioned above, the wafer encapsulated by a seal 
resin deforms or warps more than a conventional 
wafer. Such a wafer provided with a seal resin may 
not become fixed on the conventional vacuum chuck 
table having several suction grooves. In order to 
eliminate such a problem, in a case in which the 
encapsulated wafer is subject to the test, the 
number of suction grooves formed on the vacuum chuck 
table is increased by reducing the pitch between the 
suction grooves so that the encapsulated wafer can 
be entirely fixed onto the vacuum chuck table. 

FIGS. 30A, SOB and 30C are views of a 
vacuum chuck table 80 having suction grooves 82 all 
over the suction area. FIG. 30A is a partially 
cutaway front view of the vacuum chuck table 80; FIG 
30B is a plan view of the vacuum chuck table 80; and 
FIG. 30C is a side view of the vacuum chuck table 80 

In the vacuum chuck table 80, the suction 
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grooves 82 are arranged with a pitch of 2.5 mm, and 
each of the suction grooves 82 has a width of 0.5 mm, 
By arranging the suction grooves 82 with a small 
pitch such as 2.5 mm, when a wafer having a large 
5 deformation or warp is placed on the vacuum chuck 
table 80, the wafer can be attracted toward the 
vacuum chuck table 80 sequentially from the suction 
grooves 82 located on the inner side. Thus, even if 
the wafer has a large deformation , the entire wafer 
10 can be positively fixed on the vacuum chuck table by 
suctioning through the suction grooves 82. 

Additionally, as shown in FIG. 30B, the 
Q suction grooves 82 are divided into a plurality of 

groups, and the suction grooves 82 are connected by 
llj 15 a vacuum line to a vacuum source (not shown in the 

figure) on an individual group basis. In such a 
structure, the suctioning is started from the 
suction grooves 82 included in the innermost group, 
and sequentially shifted toward the outermost group. 
yi 20 Accordingly, suctioning is started from an inner 

|lj part of the wafer whose deformation or warp is 

Ji? smaller than other portion of the wafer and 
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sequentially shifted toward the outer side of the 
wafer. Thus, if the wafer has large deformation or 
25 warp, the wafer can be positively attracted toward 
the surface of the vacuum chuck table 80. 

Particularly, when the encapsulated 
semiconductor devices are formed in the wafer state, 
a large deformation or warp is generated in the 
30 wafer. When such a wafer is placed on the chuck 
table 80, a distance between the wafer and the 
surface of the vacuum chuck table 80 is gradually 
increased toward the outer side of the wafer. 
Accordingly, as shown in FIG. 30B, suctioning is 
35 started from the innermost grooves and sequentially 
shifted toward the outermost grooves (in the order 
of ®->(2)->(3)->(S)) so that a part of the wafer to be 



m 

-38- 



attracted is positioned closer to the suction 
grooves 82. Thus, the wafer having a large 
deformation or warp can be positively fixed onto the 
vacuum chuck table 80 by suctioning through the 
suction grooves 82. 

FIG. 31 is a plan view of another example 
of the vacuum chuck table having a plurality of 
suction grooves. In the vacuum chuck table 86 shown 
in FIG. 31, the pitch between the suction grooves 82 
is reduced toward the outer side of the wafer. That 
is, the pitch of the suction grooves 82 located on 
the inner side of the wafer is set to be equal to 5 
mm as is the same as the conventional vacuum chuck 
table since the deformation or warp of the wafer is 
small on the inner side of the wafer. On the other 
hand, the pitch of the suction grooves 82 located on 
the outer side of the wafer is set to be equal to 
2 . 5 mm since the deformation or warp of the wafer is 
large on the outer side of the wafer. 

FIG. 32A is a plan view of a vacuum chuck 
table having many tiny holes instead of the suction 
grooves. FIG. 32B is a cross-sectional view of the 
vacuum chuck table shown in FIG. 32A. The vacuum 
chuck table 90 shown in FIGS. 32A and 32B comprises 
a table body 92 and a porous plate 94. A plurality 
of concentric grooves 92a are formed on a surface of 
the table body 92 on which surface the porous plate 
94 is mounted. Each of the grooves 92a is connected 
to a vacuum source (not shown in the figure) . The 
porous plate 94 has many holes 94a all over the 
surface thereof each of the holes extending through 
the porous plate 94. A wafer is placed on the 
porous plate 94, and is fixed onto the porous plate 
by suctioning through the holes 94a. 

It should be noted that a part of the 
holes 94a is shown in FIG. 32A for the sake of 
simplification of the figure, and the holes 94a are 



provided all over the entire surface of the vacuum 
chuck table 90, The porous plate 94 may be formed 
of a porous material. 

According to the vacuum chuck tables 
mentioned above, the wafer encapsulated by a seal 
resin can be positively fixed onto the vacuum chuck 
table, thereby achieving a reliable semiconductor 
test . 

A description will now be given of 
treatment of a semiconductor device, which has been 
determined to be defective by a preliminary test (PT 
test) of the semiconductor device. 

When the PT test is performed in the wafer 
state and a defective semiconductor device is found, 
the defective semiconductor device is treated so 
that solder balls are not provided to the defective 
semiconductor device as shown in FIG. 33. It should 
be noted that three semiconductor devices are shown 
in FIG. 33 and the semiconductor device located in 
the middle is the defective one. 

Instead of eliminating the formation of 
the solder balls on the defective semiconductor 
device, the solder balls are provided to the 
defective semiconductor device together with the 
normal semiconductor devices and, thereafter, the 
solder balls of the defective semiconductor device 
may be crushed or removed as shown in FIG. 34. 
Alternatively, as shown in FIG. 35, the solder balls 
on the defective semiconductor device may be covered 
with an insulating material such as an insulating 
resin . 

As mentioned above, an electric contact is 
not made for one of the semiconductor devices when 
the one of the semiconductor devices is determined 
to be defective in the PA test. Thereby, if a DC 
defect occurs in one of the semiconductor devices, 
the probes are prevented from contacting the 
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electrodes of the defective semiconductor device, 
which eliminates a problem in that an excessive 
current flows through the probes due to the DC 
defect . 

The present invention is not limited to 
the specifically disclosed embodiments, and 
variations and modifications may be made without 
departing from the scope of the present invention. 

The present application is based on 
Japanese priority application No. 11-321590 file on 
November 11, 1999, the entire contents of which are 
hereby incorporated by reference. 



